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I. General 

The Brookhaven Linear  Acce le ra to r  I so tope  Product ion F a c i l i t y  has 

been o p e r a t i o n a l  s i n c e  1973. 

only r e l a t e d  t o  t h e  va lue  of t h e  f a c i l i t y  i t s e l f ,  bu t  a l s o  d i r e c t l y  

r e l a t e d  t o  t h e  performance of t h e  AGS. S ince  t h e  beam t r a n s p o r t  l i n e  

and AGS i n j e c t i o n  l i n e  sha re  t h e  common vacuum system, vacuum f a i l u r e  

i n  t h e  l i n e  d i r e c t l y  a f f e c t s  t h e  AGS opera t ion .  There are  o the r  i n t e r -  

a c t i o n s  between BLIP l i n e  and AGS through t h e  200 MeV l i n e a r  a c c e l e r a t o r  

from t h e  ion  source t o  t h e  radio-frequency system, bu t  w e  are going t o  

l i m i t  t h i s  no te  only t o  t h e  ex ten t  of t h e  beam t r a n s p o r t  system, a f t e r  

a c c e l e r a t i o n .  

d i r e c t l y  t o  t h e  protons t h a t  went o f f  t h e  course  of designed t r a n s p o r t  

l i n e .  When a s i g n i f i c a n t  amount of t h e  pro ton  g e t s  o f f  t h e  course and 

s t r i k i n g  t h e  m a t e r i a l ,  mainly t h e .  w a l l  of t h e  vacuum p ipe  o r  t r a n s p o r t  

equipment and t h e  system of beam monitor ing equipment, and t h e  m a t e r i a l s  

around t h e  vacuum system ( e s p e c i a l l y  e l e c t r i c a l  feedthrough) r e c e i v e  

enough r a d i a t i o n  caused by those  s t r a y  prokons, m a t e r i a l  f a i l s  and causes  

t h e  vacuum system t o  f a i l .  The more dramatic  t h i n g  t o  happen i s ,  t h e  

s t r i k i n g  protons hea t  t h e  vacuum p ipe  and r a i s e  t h e  temperature  of t h e  

m a t e r i a l  t o  t h e  mel t ing  po in t .  

p ro ton  c u r r e n t  goes through t h e  w a l l  of vacuum system, t h e  material melts 

i n  a very s h o r t  per iod  of time. 

The r e l i a b i l i t y  of t h e  f a c i l i t y  i s  not  

Most of t h e  vacuum f a i l u r e  i s  r e l a t e d  d i r e c t l y  o r  i n -  

Espec ia l ly  when t h e  main body of t h e  

I n  t h e  o ld  system, t h e r e  were o t h e r  r e l a t e d  problems. The o p t i c a l  

system cons i s t ed  of  pulsed quadrupoles because of t h e  add i - cu r ren t  from 

t h e  pulsed quadrupole f i e l d .  The vacuum pipes  were made of  s t a i n l e s s  
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s t e e l  which has low e l e c t r i c a l  conduct iv i ty .  The s t a i n l e s s  s t e e l  has 

many undes i r ab le  p r o p e r t i e s  i n  t h e  r a d i a t i o n  f i e l d ,  namely, i t  produces 

many i so topes  which a r e  very long l i ved .  The r a d i a t i o n  accumulated i n  

t h e  s t a i n l e s s  s t e e l  becomes such a problem t h a t  maintenance of t h e  system 

becomes v i r t u a l l y  impossible ,  d e s p i t e  t h e  long cooldown t i m e .  I n  t h e  o l d  

o p t i c a l  system, it i s  p r a c t i c a l l y  impossible  t o  e l imina te  those  "halo" 

pro tons  because of t h e  p r o p e r t i e s  of t h e  radio-frequency systems i n  t h e  

l i n a c .  The radio-frequency systems f o r  t h e  a c c e l e r a t i n g  c a v i t i e s  must 

be compensated f o r  beam loading which amounts t o  about 2 megawatts when 

t h e  beam goes through and a c c e l e r a t e d  i n  t h e  cav i ty .  The r f  servo-system 

i s  supposed t o  compensate f o r  t h i s  beam loading problem. I n  p r a c t i c e ,  

however, t h e r e  i s  t r a n s i e n t  beam ei7ror f o r  t h e  f i r s t  10 - 20 microseconds. 

Consequently, f o r  t h e  f i r s t  LO 20 microseconds t h e  p r o p e r t i e s  of t h e  

p a r t i c l e s  a r e  q u i t e  d i f f e r e n t  from t h e  r e s t  of t h e  p a r t i c l e s .  

c r e a t e  t h e  "halo" of t h e  beam causing problems. There were proposa ls  t o  

i n s t a l l  a f a s t  beam chopper t o  e l imina te  t h i s  p a r t  of t h e  beam, bu t  t h e r e  

were a l o t  of problems a s soc ia t ed  wi th  i t .  

This  might 

11. Design Cons idera t ions  

With a l l  t h e  problems mentioned above, t h e  goa l  of t h e  new BLIP 

t r a n s p o r t  system should e l imina te  a11 o r  t h e  most of t h e  problems. ..The 

fol lowing c r i t e r i a  were used f o r  t h e  base of new design.  

a) The t r a n s p o r t  system i s  t o t a l l y  momentum recombining so  t h a t  

smal l  radio-frequency e r r o r  i n  t h e  a c c e l e r a t i n g  c a v i t y  should 

b e  compensated. 

b )  Whenever poss ib l e ,  e:liminate t h e  high 2 m a t e r i a l ,  l i k e  s t a i n l e s s  

s tee l ,  and use  minimum number of  mechanical f l anges .  

c )  Minimum number of e l e c t r i c a l  p e n e t r a t i o n  which i n  t h e  pas t  gave 

cons iderable  vacuum problem. 

Vacuum chamber s i z e  should be increased  t o  t h e  8 - i n  diameter 

p i p e  i n s t e a d  of 4 - in .  p ipe  used i n  t h e  pas t .  This  g ives  less 

p r o b a b i l i t y  of protons h i t t i n g  t h e  pipe.  

d) 

e)  The g r a p h i t e  co l l ima to r  should be placed i n  a s t r a t e g i c  spo t  t o  

e l imina te  t h e  p o s s i b i l i t y  of t h e  main body of t h e  beam plowing 

i n t o  t h e  vacuum p i p e  w a l l ,  even when t h e  gross  e r r o r  should 

occur.  Since t h e  main i s o t o p e  c rea t ed  i n  carbon i s  C , which 
11 
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has about 20 minutes of h a l f  l i f e ,  t h e  maintenance i s  a l o t  

easier than  i so topes  c rea t ed  i n  s t a i n l e s s  s t e e l .  

f )  The temperature  s e n s i t i v e  switch (b ime ta l i c  con tac t )  should be 

placed around co l l ima to r s  and o t h e r  p l aces  around t h e  beam pipe  

t o  i n t e r r u p t  t h e  beam when t h e  e r r o r  occurs .  

g ) '  Devise t h e  p o s i t i o n  of t h e  beam monitoring system which does not  

r e q u i r e  n e i t h e r  e l e c t r i c a l  p e n e t r a t i o n  o r  mechanical f l ange  which 

had been source of  t h e  vacuum problem. 

The o p t i c a l  system must be  simple enough so t h a t  a f t e r  i n i t i a l  

tun ing  almost anyone can t u r n  t h e  beam on. 

The o p t i c a l  elements mus t  be  as f a r  away from t h e  BLIP t a r g e t  

a r e a  t o  minimize t h e  r a d i a t i o n  damage and be e a s i e r  t o  maintain.  

h) 

i) 

Since  t h e  iiiain radioisotopes:produced~from~~a~lumi'num~have a h a l f - l i f e  
of about  15 hours ,  we used aluminum f o r  t h e  vacuum chamber. A l l  of t h e  

o p t i c a l  elements were rep laced  t o  dc elements. I n  o rde r  t o  e l imina te  

e l e c t r i c a l  pene t r a t ion ,  we  decided t o  use  r a d i a t i o n  monitors around g r a p h i t e  

co l l ima to r s .  By minimizing r a d i a t i o n  a t  co l l ima to r s ,  w e  can minimize t h e  

number of "halo" protons h i t t i n g  s i d e  wal l s .  

aluminum cathode e l e c t r o n  m u l t i p l i e r ,  which has good l i n e a r i t y  f o r  a wide 

range of ou tputs .  Since us ing  secondary e l e c t r o n  emission from aluminum 

cathode i n s i d e  t h e  tube,  t h e  r a d i a t i o n  damage t o  t h e  p r o p e r t i e s  of t h e  

monitors should be n e g l i g i b l e .  The o p e r a t i o n a l  r e s u l t s  of t h e  e l e c t r o n  

m u l t i p l i e r s  a r e  going t o  be repor ted  elsewhere.  

The r a d i a t i o n  monitor used i s  

111. Opt ics  

A s  mentioned above, t h e  purpose of t h i s  t r a n s p o r t  system i s  t o  

t r a n s p o r t  200 MeV pro tons  from the  l i n e a r  a c c e l e r a t o r  t o  t h e  BLIP t a r g e t  

wi th  minimum loss of t h e  pro ton  and i n s e n s i t i v e  t o  t h e  small energy change 

of t h e  p a r t i c l e .  The t r a n s p o r t  system must have complete momentum recom- 

b ina t ion .  S ince  t h e  s t r e n g t h  of t h e  f i r s t  k icker  magnet i s  f ixed  by t h e  

a v a i l a b c l i t y  of t h e  e x i s t i n g  magnet and power supply,  we used two bends 

of 7.5 

t i o n  of t h e  BLIP f a c i l i t y .  A h o r i z o n t a l l y  focusing quadrupole i s  placed 

3 / 4  way between two benders i n  o rde r  t o  recombine t h e  momentum. 

rupole  t r i p l e t  i s  placed downstream of second bender t o  focus t h e  beam 

onto t h e  BLIP t a r g e t s .  The p r o p e r t i e s  of t h e  beam a t  t h e  e x i t  of t h e  

0 and 22.5O'which a l s o  i s  f ixed  by t h e  e x i s t i n g  l o c a t i o n  and d i r e c -  

The quad- 
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l i n e a r  a c c e l e r a t o r  w a s  es t imated t o  

ax = -.964 ,yy = 1.998 

BY = 258*3 in* 
= 144.9 i n .  

= .1625 i n .  m r  

@X 

(P'X 
gy = .158 in .  m r  

and wi th  t h e  a i d  of a computer t o  c a l c u l a t e  t h e  o p t i c s  t o  BLIP t a r g e t .  

F ig .  1 shows t h e  f l o o r  l ayou t  and Fig .  2 shows t h e  envelope of t h e  beam 

i n  h o r i z o n t a l  and v e r t i c a l  d i r e c t i o n .  The s i z e  of t h e  beam a t  BLIP t a r g e t  

can be c o n t r o l l e d  by the  quadrupole t r i p l e t .  A p r o f i l e  monitor and c u r r e n t  

t ransformer i s  placed i n  t h e  vacuum r i g h t  downstream of t h e  l a s t  quadrupole. 

They are only e l e c t r i c a l  p e n e t r a t i o n s  f o r  e n t i r e  vacuum system. Another 

p r o f i l e  monitor and c u r r e n t  t ransformer i s  placed downstream of vacuum 

window i n s i d e  t h e  helium atmosphere. 

c a t i o n  and s i z e .  The upstream tunings a re  a l l  r e l i e d  on tbe r a d i a t i o n  

monitors.  

IV. Opera t iona l  Experience 

They are  used t o  tune  t h e  beam lo-  

I 
The system w a s  i n s t a l l e d  i n  1976 summer shutdown, and, i n i t i a l  oper- 

a t i o n  went very  smooth. 

i s  minimal a f t e r  a few months of opera t ion .  The r a d i a t i o n a l l y  h o t t e s t  

p l ace  i n  t h e  e n t i r e  system i s  where t h e  p r o f i l e  monitor i s  a t  t h e  end 

of t h e  tunnel .  
rou t ine .  

The r a d i a t i o n  l e v e l  i n  t h e  a r e a  of BLIP tunnel  

The 100 - 150,,,lJ.-amQeres, of ,  beam:current ,opera t ion  i s  
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